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Abstract 
Nowadays energy consumption of buildings in different countries comprises 20–40% of total energy use. In Malta, the building 
sector consumes about 35% of the total energy consumption, with hotels playing a significant role in producing carbon dioxide 
emissions. In this scenario and taking into consideration the EPBD goal for 2020, a review of all possible measures that can be 
considered to attain near or net zero-energy buildings has been made.. A case study has also been adopted to design a real new 
small hotel in the island of Gozo, Malta with the aim of making it a low energy building. An energy analysis software Design 
Builder-EnergyPlus has been used to simulate and optimise the energy use of the hotel, through improvements in the building’s 
envelope. Polysun software has also been used to evaluate the performance of sustainable energy and high efficiency systems. A 
number of optimum solutions combining different systems together with improved building envelope design were then proposed 
to make the hotel a zero net-energy building. 
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1. Introduction 
In Europe, new buildings are striving to achieve energy efficiency and eventually become zero net-energy by 
2020, as required by the EU Directive Recast on Energy Performance of Buildings Directive (EPBD) 2010/31/EU. 
Such buildings cannot just be created at the last minute but it will be a progressive process that eventually leads to 
the final target of zero net-energy buildings. 
To that effect, a new small hotel is being planned to be built on the Island of Gozo, Malta. The intention is to 
make the hotel as green as possible in terms of energy demand and energy systems, within the confined space 
available of 12 m x 20 m. 
Energy demand for space heating and cooling, water heating, ventilation and lighting, based on the current plans 
of the hotel has been evaluated in order to analyze how energy savings and renewable energy can be implemented, 
with the final goal of being the first near or net zero-energy building in Gozo, thus fulfilling the 2020 goal 
established by the EPBD Recast. 
2. Net zero energy buildings (ZEB) 
A number of definitions for ZEB are found in literature, depending on the project goals and the reference to be 
used by the design team and building owner. Such definitions are summarized as follows [1]: 
 
x Off-site ZEB: This can be achieved using off-site energy without the use of any other source of sustainable 
energy from within the building itself. 
x On-site ZEB, which can be divided into four options as follows: 
 Net Zero Site (Delivered) Energy: A Site ZEB produces at least as much energy as it uses in a year, 
when accounted for at the site.  
 Net Zero Source (Primary) Energy: A Source ZEB produces at least as much energy as it uses in a year, 
when accounted for at the source. Source energy refers to the primary energy used to generate and 
deliver the energy to the site. To calculate a building’s total source energy, imported and exported 
energies are converted to primary energy using the appropriate site-to-source conversion efficiencies.  
 Net Zero-Energy Costs: In a Cost ZEB, the amount of credit the utility pays the building owner for the 
renewable energy exported from the building to the grid is at least equal to the amount that the owner 
pays the utility for the energy services and energy used over the period of one year.  
 Net Zero-Energy Emissions: A net-zero emissions building produces at least as much emissions-free 
renewable energy as it uses from emissions-producing energy sources.  
 
According to the EPBD “Net Zero Source (Primary) Energy” is the definition used for the purpose of the 
directive. For the case of this hotel, all the energy used is electrical and therefore the appropriate fossil-fue to 
electrical energy conversion efficiency of 35% has been used. 
 
3. Energy use in non-residential buildings: hotels 
It is well known that the main environmental impact takes place during the operational phase of a building and 
even more so for a hotel, when compared to the energy used for building or demolishing it. This is one of the main 
reasons behind the added attention given to all buildings to reduce their energy consumption during their operational 
phase [2]. 
Furthermore, the efficient use of energy in the hotel sector is driven by other factors such as increased interest in 
green hotels, higher operational expenses and energy costs, greater demand for services that require energy for their 
operation and higher pressures on profitability and competition. 
The actual target for Malta is to reach 22% of energy efficiency by 2020 [3]. In a touristic island like Malta and 
Gozo, the hospitality sector is gaining more importance with new hotels being built or new extensions being made to 
existing hotels, to cater for the increased influx of tourists to the Islands. In 2014, an all-time record of 1.7 million 
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tourists has been recorded and it is expected that this will increase further, thus prompting hotel owners to invest in 
expansion and new projects [4].  
Typically, the main energy consuming activities in a hotel are shown in Fig. 1. These are mainly heating and 
cooling, lighting, hot water for washing, pleasure activities, preparation of meals and washing, as well as energy for 
ventilation [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Total energy consumption by end use [5]. 
 
Similar results have been reported by Beccali [6] and Zorafakis [7]. A research work carried out in Malta in 2010 
among a sample of hotels has also shown similar trends [8]. The Eco certification programme of the Malta Tourism 
Authority requires hotels to reduce their energy bill by 15-35%, water consumption by 15-45% and waste by 50% 
[9]. Hence, it becomes clear that energy consumption in hotels should be reduced where it matters most. The 
distribution of Fig. 1 gives an indication on the priorities in this sector. Moreover, the use of simulation software 
such as DesignBuilder enables a more quantitative analysis of the positive effects of certain energy efficient 
measures on the building under consideration and their prioritisation. 
 
4. Building description and simulations 
The building was simulated using the software Design Builder, which is a renowned software that interfaces with 
EnergyPlus – the energy analysis and thermal load simulation programme that was developed the US Department of 
Energy over a number of decades. 
The hotel’s design was developed in the graphical interface of DesignBuilder and loaded with the correct 
physical properties of the building envelope and the different building openings. The building’s envelope and its 
partitions are the most important parameters to be considered due to their high influence on energy demand for 
heating and cooling. Standardised schedules for internal gains profiles, occupancy and use of each zone, hot water 
usage, lighting, HVAC and infiltration were also introduced. The simulations allow us to understand the real energy 
consumption of the building using the hourly local weather conditions. The site of the hotel is shown in Fig. 2, set in 
the village of Qala in Gozo, close to a historical wind mill.  
The local climatic conditions have also been input into the software to simulate the real operation of the hotel. 
Malta’s climate is characterized by moderate temperatures and high solar radiation. The total global solar irradiation 
on the horizontal amounts to 1,875 kWh/m².year, making it the sunniest place in Europe. Typical summer 
temperatures may reach 33 °C in the early afternoon and drop to a minimum of around 26 °C at night, while in 
winter the maximum temperatures would be around 16 °C, dropping down to 10 °C at night. Malta receives no snow 
and the average wind speed is around 4 m/s, with the highest winds occurring in March. 
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Fig. 2. Hotel location (GoogleEarth) 
 
The hotel comprises of 4 levels, with the basement being a garage and storage area. It has a small pool and 
entrance garden on the front, as shown in Figure 3. The total conditioned floor area is 397.3 m² having 185.5 m² on 
the ground floor, 172.4 m² in the first floor and 39.4 m² on the top floor plant room. The unconditioned space has an 
area of 340.1 m², thus bringing the total floor area to 737.3 m². The hotel is rated as 3-star with 6 double bedrooms. 
All the rooms are equipped with bathrooms and shower cubicles, except for one room that has a bathtub. Figure 4 
shows the model built in DesignBuilder. 
 
 
Fig. 3. Hotel 3D Sketch 
 
Based on a previous study, it was finally concluded that the best combination of U-values for external walls and 
roof are to be 0.16 and 0.34 W/m²K, respectively, together with low-e double-glazed air-filled windows (U-value = 
3.1 W/m²K) with shading [10]. Malta’s climate is Mediterranean and therefore, a careful balance has to be made 
when choosing materials. Extremely high insulation for walls, which may be well suited for colder climates is not 
the best option for this region, as otherwise internal gains would overheat the place leading to higher consumption 
for space cooling. One also has to take into consideration the thermal mass of the walls and the position of insulation 
within the envelope. It would be ideal for the insulation to be placed on the outer side of external walls, thus making 
the thermal mass of the wall as part of the internal environment, which helps in reducing peak temperatures. 
Unfortunately, it is not possible for this project to have the insulation on the outside because the permit requires the 
outer skin to be made from the local globigerina limestone, to be aesthetically in harmony with the surrounding 
buildings in the village. Likewise, the use of expensive argon-filled double glazing may provide insignificant 
improvements in the energy performance certificate for the hotel, when compared to standard air-filled double-
glazing. One of the most important features for the hotel to attain high efficiency is shading for glazing elements and 
this should not be under-estimated. 
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Fig. 4. DesignBuilder hotel model 
 
The resulting optimum simulation has yielded the following power ratings: 
x Heating design capacity: 21.13 kW with set point temperature of 20 °C 
x Cooling design capacity: 20.49 kW with set point temperature of 25 °C. 
 
The set temperatures of 20 °C for winter and 25 °C for summer are actual temperatures that the operator desires 
in his hotel. They are different from the standard temperatures used in energy performance certification for buildings 
in Malta, which are set at 18.2 °C and 26.5 °C, respectively. 
It is interesting to note that the heating capacity for winter is higher than that for summer, even though the 
energy demand for heating is much lower (see Fig. 5). This is because the extreme weather during winter – even for 
a short time - may dictate a higher power rating for that worst case scenario, while in summer the weather does not 
really have major stress periods, as it remains quite hot throughout the season with no major extremes. 
The main delivered (end-use) energy consuming sectors of the hotel are shown in Figure 5. Following the 
implementation of energy efficiency measures in the building’s envelope, lighting seemed to be the most important 
consumption of energy. This is followed closely by water heating and then space cooling. Hence, it is clear that 
these three areas should be given more attention with respect to application of energy efficient systems.  
 
 
Fig. 5. Main hotel consumption* 
*Space heating/cooling calculations based on COP of 2.8 - DHW COP was taken as 0.85 
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5. Energy saving solutions for the hotel 
Following the energy analysis of the hotel using DesignBuilder, a number of energy saving options can be 
proposed for the hotel. In general, a 10% reduction in energy costs is equivalent to increasing the average daily rate 
(average amount paid per customer per night) by 2.6% or increasing occupancy rate (percent of rooms occupied at 
any given time) by 4.3% [8]. It follows that a higher performance rating has a positive economic impact as well as 
environmental impact. One other important aspect for improving the energy performance of the hotel is to 
implement futuristic energy solutions, which are expected to eventually become the norm for efficient buildings. In 
this way, the value of the property will be high throughout its lifetime. 
5.1. Lighting 
Besides the application of simple solutions such as occupancy sensors and timers, advanced LED lighting 
systems combined with daylighting solutions can also bring important savings, while having better lighting quality 
and larger natural light spectrum.  
Two different technologies, which also make use of LED systems have been identified and are recommended for 
use as shown in Fig. 6 [11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Daylight systems in the hotel [11] 
 
The first technology consists of standard Solar Tube solution that can allow sun light into internal space while 
keeping the heat out. This is particularly useful for top floor levels where the solar tube is short and straight. The 
second solution such as the Parans optical fiber system consists of tracking solar concentrators set at roof level and 
connected through optical fiber cables to the indoor units. The indoor unit also has LEDs that are automatically 
controlled based on the set lux level. The advantage of using fiber optics is that the range of the system may be 
extended to 20 metres and hence it could be used effectively in lower floors. Also it is possible to bend the optical 
fiber without losing on efficiency. 
The use of LED systems has the potential of reducing electrical consumption from 12,000 to  
8,000 kWh/annum. An extra reduction can be achieved (according to the product information), by using the daylight 
fibre optics system [11]. Hence, the delivered energy for lighting can be reduced by 50% to 6,000 kWh/annum. The 
use of modern technologies that may look too advanced for today’s world will most likely become common practice 
in the future. One of these technologies is the fibre optics system. Even though the benefits of using the fibre optics 
system looks humble (reduction of 2,000 kWh/annum), one should not under-estimate the other benefits of 
introducing natural sunlight to deep areas within the building, which would greatly enhance the quality of light and 
provide a good spectrum of natural indoor lighting for most of the year. Also, the cost of such a system is 
comparable to that of a sun pipe, but offering more features.  
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5.2. Domestic hot water and space heating and cooling 
When looking for energy efficient solutions for space heating and cooling as well as water heating, it is seen that 
there is a possibility of combining them together using high efficiency heat pump systems.  
A number of solutions have been identified using geothermal energy but here two major problems were 
encountered. Deep well geothermal systems would be strongly discouraged by the Malta Environment and Planning 
Authority, since it would impinge on or risk the contamination of precious underground fresh water. On the other 
hand, shallow-ground systems which would spread horizontally require large area, which is not available. Moreover, 
if multi-level channels are made in the immediate underground base, the construction costs would increase as there 
would be a need to build concrete pylons to support the building. However, some horizontal channels can still be 
created to allow fresh air to pass through them before being introduced into the building. This is a standard 
technology that is used in many countries. The advantage is that less dust and better conditioned temperatures can be 
attained. The channels can also be coupled with an energy recovery unit, which would extract heat from or reject 
heat to the exhaust air exiting the hotel. 
Efforts have been made to explore the possibility of applying solar cooling, but this would require large roof 
space area which was not available to place the solar panels. Moreover, the costs involved and the maintenance 
required to build and operate such a small system would not be cost-effective. 
The use of combined heat and power (CHP) generators is feasible but it does not produce renewable energy, 
since the only types of fuel available would be diesel or liquefied petroleum gas. Once again, given that the hotel is 
in a residential area, one would have to consider the micro-climate and how the introduction of a CHP engine would 
affect it. 
Solar heating has been considered favourably but it would have only produced hot water and it is not useful for 
space cooling. Also, there is not sufficient solar energy in winter to provide both for water heating and space 
heating. Moreover, the limited roof space would make this option provide only a fraction of the required energy for 
the hotel. The same may be said for the use of solar photovoltaic systems, which are also less efficient than solar 
heating, even though they produce electrical energy that is useful for all purposes. 
Hence, due to space limitations, the need for flexibility in the use of energy systems, and the limited resources 
available, the recommended option for this hotel was to use a solar photovoltaic installation combined with high 
efficiency solar-ready heat pumps. This is a much simpler system than a solar thermal heating system as it requires 
less piping works, pumps and water storage tanks. Moreover, its use can be changed depending on the season 
(summer or winter) without worrying about problems such as over-heating or redundancy. From a technical point of 
view, the use of solar photovoltaics with heat pumps has yielded similar performance than using a solar thermal 
heating system alone, as found from the use of Polysun software (11,705 kWh/year compared to 11,525 kWh/year), 
but requiring much less maintenance and infrastructural changes, thus making it a more attractive option to the user. 
The system is shown in Fig. 7, as proposed by a supplier [12]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Solar-ready photovoltaic heat pump installation [12] 
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6. Results and discussion 
According to the official energy performance of buildings software (non-dwellings) – Simplified Building 
Energy Model Malta (SBEM-mt) – Users’ Manual [13], the EPC Rating is the percentage of the carbon emissions of 
the hotel compared to the same hotel but built using reference (minimum) specifications, as set by the minimum 
energy requirements (Document F) for Maltese buildings, plus 20% improvement. The 20% improvement is being 
imposed to cater for the fact that the existing minimum energy requirements Document F is still based on the 2006 
version and it is necessary to upgrade the figures towards achieving better buildings and eventually to reach zero 
net-energy in 2020. For this particular case and given that all energy used is electrical, the percentage of carbon 
emissions would be the same as the percentage of the delivered energy compared to the standard one. Hence, 
considering the improved envelope with the proposed U-values for walls and roof, together with double glazing and 
shading, the hotel falls within the Building Energy Rating (BER) of Class B and would have an EPC Rating of 85 
(delivered energy of 32,380 as compared to the reference delivered energy of 38,309 kWh/year). 
The introduction of the LED and natural lighting systems together with solar-ready heat pumps and photovoltaic 
systems would further reduce consumption to 15,316 kWh/annum, according to Polysun software results. Any 
savings from heat recovery ventilation units or geo-ventilation systems are not included in this value. Thus, the final 
EPC rating drops to 47, which is considered as Class A building. 
It is to be noted that the draft Cost-Optimal Study for Malta has so far produced EPC Ratings for two categories 
of buildings, namely residences and offices. These were proposed to be 40 and 60 kWh/m².year, respectively [14]. 
This hotel can therefore achieve a primary energy rating of 59 kWh/m².year, which is below the cost optimal rating 
for offices. The calculations are based on the total floor area of 737.3 m² and an energy conversion efficiency of 
0.35. 
 
7. Conclusions 
It is well known that the building sector is responsible for 40% of the global energy consumption generating a 
considerable amount of greenhouse gas emissions (36% of CO2 emissions in the EU) [16]. Hotels contribute to a 
significant amount of this energy demand. 
Depending on the energy sources available on site and the characteristics of the hotel site, different solutions 
have been recommended for this project. However, due to lack of physical space, some of the solutions that looked 
to be the best option to reach the categorization of Net Zero-Energy Building could not be implemented. The main 
reason is the limited surface available to install solar systems, which means that a solar cooling system cannot be 
installed. Also, there are limitations on the use of LPG because the conditions for setting a centralized storage space 
would not allow such an installation within the immediate vicinity of the hotel. Hence, co-generation and adsorption 
systems using LPG as a fuel are not plausible. At this point and with the technology available, one can still reach 
important energy savings and reach a Class A energy rating and even a near-zero energy building. 
In Figure 8 one can appreciate the improvement gained when comparing the energy consumption of the hotel to 
the standard or reference building. The improved envelope has yielded an Energy Performance Rating of 84, while 
the near-zero energy rating reached was 47. The proposed energy efficiency measures can produce a hotel that has a 
primary energy consumption of 59 kWh/m².year, which can be considered as having achieved the near-zero energy 
rating for non-residential buildings (Maltese offices), given that the proposed value in the draft cost-optimal study 
for Malta is 60 kWh/m².year. 
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Fig. 8. Energy consumption for the different options 
 
For further work, it is imperative that calculations are made to obtain the best cost-effective measure with 
regards to the energy efficiency options, vis-à-vis their payback period. This would produce a hierarchy of energy 
efficiency measures, whereby it would be clear which of them should be adopted first due to their attractive 
economic benefit. It is to be noted that the cost for electricity for non-residential buildings in Malta (and Gozo) has 
dropped by 25% in March 2015. This means that energy efficiency measures will be less attractive to implement in 
Malta by the end-user. The only reason why one should invest in energy efficiency will be to become 
environmentally sensitive and make the hotel the first green energy building in Malta. 
All in all, this project has shown that the first measure to consider when building new structures is to include 
insulation and shading. . It is imperative that such structural improvements are carried out at the design stage, 
because it would be much cheaper than retrofitting. Moreover, the addition of specific high efficiency systems can 
further improve performance and enhance the operation of the hotel, but these should go well beyond the classical 
approach of putting solar photovoltaic systems on the roof. Innovative solutions which may look futuristic today 
will be common practice in a few years’ time and therefore it is important to consider them as of now, in order to 
preserve the value of the building in the future. 
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